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wireless communication link may be optimized for particular operating conditions. For

example, a point-to-point microwave communication link may be optimized for
parameters affected by geography or potential interference sources.

[0003] However, in a wireless communication system, one or more of the
communication devices participating in a communication link may be a portable or
otherwise mobile device. As such, the operating conditions experienced by the mobile
communication device will vary over time, and may vary significantly over the course
of a communication session. Additionally, mobility may itself contribute to operating
conditions that need to be considered by the communication devices. Mobility of one

communication device participating in a wireless communication link will be seen by all
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[0007] Disclosed is another embodiment of a method of optimizing channel estimates
for decoding signals from a communication link in a wireless communication system.
The method includes filtering a channel estimate using each of a plurality of channel
estimation time filters to generate a plurality of time filtered channel estimates, selecting
one of the plurality of channel estimation time filters, and decoding a received symbol
using a time filtered channel estimate from the selected one of the plurality of channel

estimation time filters.
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corresponding to data subcarriers, and a demodulator coupled to the data extraction
module and the adaptive time filter and configured to demodulate the data subcarriers

using the time filtered channel estimate.
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such as channel estimate correlation, receiver Doppler spread, or other dynarmc

parameters or combinations of dynamic parameters. In other embodiments, the
parameters can include one or more discrete parameters combined with one or more
dynamic parameters.

[0018] The adaptive filter can be implemented with a continuously variable response, 2
predetermined number of discrete responses, or a combination of continuously variable
1esponse over one or more ranges in combination with one or more discrete filter
responses. Where a plurality of predetermined discrete filter responses are implemented
within the receiver, the receiver can process received signals through parallel signal
paths, with each signal path corresponding to one of the plurality of predetermined

discrete filter responses. The receiver can then select one filter output from the plurality
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operate as an interface between the user terminal 110a and a Public Switched Telephone

Network (PSTN) 150. The MSC 140 can also be configured to operate as an interface
betWeen the user terminal 110a and gateway 162 coupled to a network 160. The
network 160 can be, for example, a Local Area Network (LAN) or a Wide Area
Network (WAN). In one embodiment, the network 160 includes the Internet.
Therefore, the MSC 140 is coupled to the PSTN 150 and network 160. The MSC 140
can also be configured to coordinate inter-system handoffs with other communication

systems (not shown). In another embodiment, the base station 120 may be referred to as
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link refers to the communication link from the wireless station 180 to the user terminals
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terminals 110a and 110b to the wireless station 180.
[0027] In systems providing for bi-directional communications, both the wireless
station 180 and the user terminals 110a and 110b may allocate resources for channel and

interference estimation. For example, both the wireless station 180 and the user
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+1(t) + n(t), where s(t), h(t), i(t) and n(t) represent, respectively, the modulated data, the
channel, the interference, and additive noise. The symbol "*" refers to the convolution
operator.

[0032] The user terminals 110a and 110b can each determine a channel and interference
estimate based on the common pilot signals, and may determine the estimate in the
frequency domain, although a time domain estimate may be determined instead of, in

addition to, or in combination with the frequency domain estimate. The user terminal

110 can then demodulate the received signal to recover the data.
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actual channel. Here, the term “longer” is relative to the length of the channel estimate
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[0038] The receiver in each user terminal 110 a and 110b can implement time filtering
of the channel estimates. The user terminals 110a and 110b can time filter the channel
estimates to further improve the quality of the channel estimates. Time filtering of
channel estimates can be used to suppress the noise variance in the channel estimate
through noise averaging. Time averaging channel estimates can also operate to cancel

or effectively reduce linear time variation of channel taps. Time filtering of channel

estimates can also be used to cancel or effectively reduce channel aliasing and to
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o B RG0Sy Channel esti mat s Thus. i n
[0043]ekni thé désoribéEopaatingoohditioss; nikofirst user terminal 110 may experience
substantially little or no non-linear channel variations, while the second user terminal
110b may experience significant non-linear variation of the channel. It may be
advantageous for the first user terminal 110a to implement a three tap non-causal time
filter for the channel estimates. However, if the second user terminal 110b experiences
a relatively high velocity, a non-linear variation in the channel across symbols resulting

from the relatively large Doppler spread may be significant. In such a scenario, the

second user terminal 110b can advantageously adjust the channel estimate time filter to



time, the time filter is non-causal. The receiver in
the user termnals HOa and HOb can nodify the
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deter;urqlent?mg—fjltengg %?ode sglectlon Similarly, the user terminal, for example 110a,

can decode symbols and determine a PER (packet-error-rate) for a plurality of time-
filtering blocks, and can use the PER to select the best time-filtering mode. The user
terminals 110a and 110b can also apply adaptive filtering algorithms and adapt the time-
filtering coefficients.

[0050] Figure 2 is a simplified function block diagram of an embodiment of a receiver

200 with adaptive channel estimate time filtering. The receiver 200 can be



are not limted to varying the characteristics of the

adaptive tine filter based on relative velocity of the
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[0053] Antenna 202 is coupled to a receiver front end module 210 that can be
configured to tune to a channel from the operating band and process the received RF
signal to a baseband or near baseband signal. The receiver front end module 210 can be
configured, for example, to tune to the desired operating frequency, filter, downconvert,
and amplify the received signal. For example, the receiver front end module 210 may
include one or more programmable Local Oscillators (LOs) that can be selectively tuned
to a desired frequency, thereby tuning the receiver front end module 210 to a desired
operating frequency band.

[0054] Output from the receiver front end module 210 is coupled to an Analog to

Digital Converter (ADC) 220 that is configured to convert an analog representation of



signals in the operating band of interest. The

recei ver 200 can be configured to operate across
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[0058] Switching criteria module 240 can include memory or buffers for storage of
channel estimates. In one embodiment, the switching criteria module 240 can determine
an adaptive time filter configuration based on a correlation of multiple channel
estimates. }

[0059] Switching criteria module 240 can also be coupled to other modules within the

receiver 200. For example, the switching criteria module 240 can be coupled to the
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subset of tones configuredids pilot tones. [0056] In
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operafingdecquenayand. or user input received via a user
[Ohgi]efnf Sottier leﬂlb&tli;h%ht, %@%{cﬂﬁ{g ctiteria module 240 can be confi gured to

receive user input or some other input. The switching criteria module 240 can then

determine the adaptive time filter configuration based on the input. For example, the
switching criteria module 240 may be coupled to a user interface that allows for
software control of the adaptive time filter configuration. The user interface can be
configured, for example, to provide for multiple operating modes, such as stationary,
mobile, vehicle, and the like. The user can select one of the operating modes and
software associated with the user interface can control the switching criteria module 240

to control the adaptive time filter to a configuration corresponding to the selected mode.
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[0068] The time f1ltered channel estimate is output from the adaptive time filter 250 to

the demodulator 260. The demodulator 260 extracts the portion of the digitized
received signal corresponding to the data or information and demodulates the signal
using the channel estimate. The output of the demodulator 260 can be coupled to output
devices (not shown) or some other destination within the receiver. By adapting the time
filter characteristics, the receiver is able to optimize the channel estimate for varying

operating conditions.
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channel estimate for varyi
extract those tones from the FFT output correspondmg to the pilot tones. The pilot

extraction module 340 can be configured to synchronize with the OFDM symbols, such
that the proper tones are extracted where the OFDM system uses a staggered pilot.
[0074] The output of the pilot extraction module 340 corresponds to a P-wide parallel
channel, which can be analyzed as a vector of dimension P. The P pilot signals are
coupled to a descrambler 350 that can be configured to descramble the pilot signals and
derive the channel estimates corresponding to each of the pilot tones. Each pilot tone
can be encoded according to a predetermined pilot sequence and may be phase shifted
by a predetermined phase shift that can depend on the assigned subcarrier. The

descrambler 350 operates to compensate for any predetermined phase shift and decode
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configured t escranbl e the pilot signals and
thresholds to determine if the time-filtering mode needs to be switched, and to

determine which time filtering mode to apply. Each of the predetermined thresholds
can correspond to a Doppler spread or other similar non-linear time variation of channel
taps.

[0079] For example, the switching criteria module can be configured to determine a

channel time correlation using the equation:

> h(n,k)h(n—1,k)
k
\/th(n,k) : \/th(n—l,k)
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[0084] The output of the adaptive time filter 250 represents the time domain channel
estimates that the baseband portion 300 optimized based on the operating conditions of
the receiver. The output of the adaptive time filter 250 is coupled to a transform
module, here implemented as an FFT module 370, that transforms the time filtered
channel estimates to the frequency domain. The FFT module 370 can be of the same
order used to transform the received signal samples to the frequency domain. The

output of the FFT module 370 is coupled to the demodulator 260.
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weqgumtiienss n is the OFDM synbol index, k is theCcT/uS2006/012843
ti medomai n channel tap inddgs8, h(n,k) is the k-th tap

of the time-donain channel estimte for synbol n. In

t he above equation, the_channe| tinme c lation i .
(0085 s saitegriPEYe ariHBIT BOLhIes20PraTiceyige Mg domain
su a@%r%%@ﬂ!ﬁ'% 8@&&&1 Ef okt )ﬁﬁﬁﬁﬁa $IAPARI datSextraction module

ava

aptive tinme tfilter 250 can separately
338 bperates baninedubestriersetd emprtha: suH¢err@xs:m1@mrﬁ¢rmauofrhethe

SWi_t chi |l e 24 '
oAy 290; Th b Sxlirty Sadbe Slests o sraBRs: dapbliipose
subdaehidtd 6118 M B8 GRESInA RBNARIcaRBlb PRES RS déhddalitecldoderhe

the actual channel estinmates. The switching criteria

demodullater 260 usesrtheraitémizheé frdeednsy damein dhgangl |galiateripdemodulate
using a variety of factors. For exanple, the

th%&ﬁ?@ﬁcﬁﬁﬁﬁ?lterla may cal cul ate and conpare the

[063% Tayured 4A B aetsiaplifdddongionanslotihdiagnetsgyf eafbotingents of

excess channel, The switchin crlterl nodul e 240 c
adaptive teae filiers @5Phdhe F‘ﬁ’?é’tl(‘f% FlF@gféﬁeF ¢n0 gm Pﬂl@lﬁ@ﬁeﬁ%ﬁi’ﬁ usﬁeﬂ gor

exgﬁﬁbfecm {89 r&el Ve El#cﬁvmdf*f e 348 t5APasHSR PR8I GORBIWAGH FRftre 3.

the energy differenceé and estinmated tinme
Theadeptiat timefititr 230eendivgiimeits can oferase o aehiined tap baxis erghose

channel. is to be used j he channel estinmate.. [0082
coPYP B SRBR LB A OF DL OB oL Srienfy e pe 3¢ than one
cha@iel k%@'ﬁfé@”f&ret WoanQDFIDRI §/sted Bavig STBcHIahelagssi foBEhaafiel

time Itering bl ocks. The SMAtChIng criteria nodul e

esietion rﬁh@i@da@hm fime fdics 25Qemberimests 4in bpeoriasist ogreriorm
Wﬁ%%ngl eJol g %Qg &%&ﬁ%ﬁithe noi se estimates to

I'ltering node to sel ect.
[06877 A2 a&lapuvd ﬁ@@dﬁl&g 2B&EBmbpdiedent sterwminrfge} 4drincledest plgrality
a Bit Error Rate (BER) for all tipne- fllterln bl oc 1(
Ofé%Staiséﬁobél%é@l%n@@ plenatiVeky Beapplemaied ap figpmopylocations,

P ca&%%?%ld{ﬁ 1ikE X588 otﬁe?tt}éd%{df)sto@ o hﬁqetddgﬁlve time filter

ere omai n channe timate before
ZSOiUfﬁgmrh diAnig comlinghréd (ok)ave thet dbdity itorprofvidet aamamdcausal time filter
time-d h t h | di .
retisBRat! G0 WRBREL Pps | b BUFRIGRTEGHIE RS B LD QYR Rerovide

up @BRA- noh@usa! 'ta?;ﬁ 288t} 'f@h@i—péauﬁil‘ia s MhefulitRf 80nc@hedsaltaps
esti mate can be: *)- (*)]2 0084] The out put of
daehgotetrgtd be subsﬁa@nﬁ Y thesapg @s Fhépw@"ﬁ@h pEcausd tapspdn other

erff RS AR Rl &30 PR R sl PR chl B ARSERANEY MGLhhOD: H20
number of causal taps. For example, n2 can be set to equal nl in some embodiments.

In other embodiments, the adaptive time filter 250 may be configured to provide only a
causal filter response.

[0088] Each of the registers 410a-410e can be coupled to a corresponding amplifier
420a-420e. The outputs from the amplifiers 420a-420e are summed in a plurality of
summers 430a-430c to provide a single time filtered output.

[0089] Storage 422 or memory can be configured to store a plurality of gain coefficients
corresponding to a plurality of time filter configurations. One or more of the time filter

configurations may have a filter response that is shorter than 2n+1 taps. Therefore, one

or more of the coefficients can be zero for some of the time filter configurations.
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time filtering of the channel estimates.

[0095] Each of the plurality of time filters 450a-450c can have its output coupled to an
input port of a switch or multiplexer 460. The multiplexer 460 can include a control
input that is controlled by the switching criteria module to select a desired one of the
time filter responses.

[0096] In one embodiment, the switching criteria module can perform noise estimation
at the output of each time filter 450a-450c and use the noise estimate to determine the

time-filtering mode that is selected via the multiplexer 460. In another embodiment, the



[0088] Each of the registers 410a-410e can be coupl ed

to a correspondi ng anplifier 420a-420e. The outputs
wonrawititwss anpl i fi ers 420a-420e are sumred i n aPCT/US2006/012843

plurality of summers 430a-480c to provide a single

time filtered output. [0089] Storage 422 or nenory can
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symbol correspond to the pilot subcarriers.

[00102] The receiver proceeds to block 540 and determines the channel estimate
corresponding to the extracted pilot subcarriers. The pilot is a known sequence.
Therefore, the receiver can use the a priori knowledge of the transmitted signal when
determining the channel estimate. The receiver can descramble each of the pilot
subcarriers according to its predetermined pilot sequence. The result is the frequency

domain channel estimate. The receiver can transform the channel estimates to the



provi de a response that is non-causal or causal. In
one enbodi nent, one of the time filters 450a-450c can
woeowmanédsgured as a single tap tinme filter, espemiSai0b412843
providing no time filteringlof the channel estimates.
[0095] Each of the plurality of tine filters 450a 450c
can have its output coupled to an input port of
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recei ves OFDM synbql s, for exanple, froma wreless
[081031i on. éger&@%mra%fh&tfg%neltv at@ﬁamegﬁ%wgf%ﬁvﬁ 1o block

560%%'&&?&%&& Qggﬁ{n%ﬁeaﬁnlﬁ‘? etlm\é‘fﬁfeﬁc&lfﬁgﬁpﬁﬁh bafbd & tht REriation.

t ot al er of aval subcarriers, N
Ag dextiibed ahdbve,seach pingebf ciadddidihe Ertbmelatetmevamqs cpr oereesgond to a

to bl.ock.520 gnd transfor the tinme domain sanpl e
ciffncg Y TER e Sy A T B S BAEAP TR Fgspond to
a §1ﬁ§1€ 'ta\’;ﬁt‘im@ Silted, WINi@NRBdntANy Ebrtedpondy @B tBAETilikeng éfitBe channel
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estimates. Where the selected channel estimate fime filter corrésponds to a non-causal
filter, the receiver may need to buffer, or otherwise store, the channel estimates as well
as all of the signal subcarrier values for a number of symbols sufficient for the
determination of the non-causal time filter value.
[00106] The receiver proceeds to block 570 and configures an adaptive time filter
to the desired configuration. The receiver then filters the channel estimates according to
the time filter.
[00107] Apparatus for performing adaptive time filtering of channel estimates

and method for implementing adaptive time filtering have been described. A receiver

can determine multiple channel estimates over time and can adaptively time filter the



subcarriers. [00101] The receiver proceeds to bl ock

530 and extracts the pilot subcarriers fromthe FFT
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I mproved by substantially reducing or elimnating tine
with t}mmhqngimqints; diselaegd hexgin msy s embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. The various
steps or acts in a method or process may be performed in the order shown, or may be
performed in another order. Additionally, one or more process or method steps may be
omitted or one or more process or method steps may be added to the methods and
processes. An additional step, block, or action may be added in the beginning, end, or
intervening existing elements of the methods and processes.
[00111] The above description of the disclosed embodiments is provided to
enable any person of ordinary skill in the art to make or use the disclosure. Various

modifications to these embodiments will be readily apparent to those of ordinary skill in



[ 00105] After determ ning the channel variation, the

recei ver proceeds to block 560 and determ nes a
woheosnad4sesti mate tinme filter configurati on baped/usz6/012843

the variation. As descri bed3above, each range of

channel tinme correlation values can correspond to a

distinct time filter configération. One of the tine

thefdrt, and thegehergprindiplas defingd dsrain B3y ke applics tjohisr gmpggiments
ime filt S
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inteMRANE be Batfiled®d metdrnilﬁ)dfméﬁteﬁhmr leesip dads to be accorded the widest
non-causal filter, the receiver F g}o buf fer, or
sceerveRsiFise witlsihe Drinei A MOV deatiies (S o5ed §P- a5 Al |
of the signal subcarrier values for a nunber of
synbol s sufficient for the determ nation of the
non-causal tinme filter value. [00106] The receiver
proceeds to block 570 and configures an adaptive tine
filter to the desired configuration. The receiver then
filters the channel estimtes according to the tine
filter. [00107] Apparatus for perform ng adaptive tine
filtering of channel estimates and nethod for
I mpl ementing adaptive tinme filtering have been
described. A receiver can determne nultiple channe
estimates over tinme and can adaptively tine filter
t hechannel estimtes based at |east in part on a
recei ver operating environnment. The receiver can
inplement a plurality of predetermned tinme filter
configurations and select one of the tinme filter
configurations based on the operating environnent. The
recei ver can determ ne the operating environnent
i ndependently or may receive sone external control or
i nput that indicates the operating environnent.
[00108] The various illustrative |ogical blocks,
nodul es, and circuits described in connection with the
enbodi nents di scl osed herein may be i nplenented or
performed with a general purpose processor, a digital
signal processor (DSP), a Reduced Instruction Set
Comput er (RI SC) processor, an application specific
integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programrabl e | ogic device,
di screte gate or transistor logic, discrete hardware
conmponents, or any conbination thereof designed to
performthe functions described herein. A genera
pur pose processor nay be a m croprocessor, but in the
alternative, the processor nay be any processor,
controller, mcrocontroller, or state machine. A
processor may al so be inplenented as a conbi nati on of
computi ng devi ces, for exanple, a conbination of a DSP
and a mcroprocessor, a plurality of mcroprocessors,
one Or nore m croprocessors



in conjunction wwth a DSP core, or any other such
configuration. [00109] A software nodule may reside in
weaMenmeossy, flash nenory, non vol atil e nmenoryPCROS2006/012843
menory, EPROM nenory, EEPRQM nenory, registers, hard
di sk, a renovable disk, a CO-ROM or any other form of
storage nedi um known in the art. An exenplary storage
mediumis coupled to the processor such the processor
can read information from and wite information to,
the storage nmedium In thepalAf native, the storage
medi um may be integral to the processor. [00110] The
WEIAGDES G ABMEEL ISod, process, or algorithm described in
connection with the enbodi ments di scl osed herein may
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determning a channel tine variation; varying a

channel estimate tine filter charact eristic based in
part3.on tTee whthadef claima, whereiatthe At leagh gng predetermiged threshold
| east e £h | | e :
R e S A R e T
frédudhé) Bandwher ei n determ ning the channel variation

4. The method of claim 1, wherein determining the channel variation
comprises determining a variation in a plurality of distinct channel estimates, each

channel estimate comprising an actual channel estimate and an excess channel estimate.

5. The method of claim 1, wherein determining the channel variation
comprises determining a variation over a plurality of distinct channel estimates, each
channel estimate based on a staggered pilot signal received during Orthogonal

Frequency Division Multiplex (OFDM) symbols.



conprises: determining a first channel estimte
corresponding to a first received synbol; determ ning

wa 28mscemds channel estimate corresponding to a BETMISLN06/012843
recei ved synbol; correlating the first channel
estimate with the second channel estimate to determ ne
a channel correlation; and conparing the channel

correlation to at ast. one predeternm ned threshold, . ..
3" e miPhat R 1R b VHiGh GrrEREine FRAGE g Varation
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Mul tiplex (OFDM synbols. 8. The nethod of claim1,

whergj N cgleghdthsd BECThAE 1 CHRGERI detokBhiN@iHe@h k@] time variation
conprises determning a frequency domain tine
- compprisest dstmatifig atimeecpstelation of atbiswer danedin gApegved HistingQrthogonal

Fr%}#gg}g ?V%QOE%QH%%KQBDM)SS%W%UT ! \allhgi(ei( S:gg/{ erm ni ng

the channel tine variation conprises determning a
var i @t i orTief méhbd oecldiena) whéraip vavgng theshbimed estimate time filter

Ot hogonal Frequency Division Miltiplex . :
ChetpRISBIGS CORDRTISPR BAFEIEbE TBIbE] o tmsqu%va%éméq?gsﬂ ate time filter.
determ ning the channel tinme variation conprises

esti ot i ng,AnthbE of Ohfkh ?‘&Jhé}@ianar}@n% HERhg R ektirh @B time filter
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filter.

13.  The method of claim 12, wherein varying the at least one tap coefficient
comprises selecting at least one tap coefficient from a plurality of predetermined tap

coefficients.

14. The method of claim 1, wherein varying the channel estimate time filter
characteristic comprises selecting one of a plurality of predetermined channel estimate

time filter characteristics.

15.  The method of claim 1, wherein varying the channel estimate time filter
characteristic comprises selecting one of a three tap time filter and a single tap time

filter.



11. The nmethod of claim 1, wherein varying the channel

estimate tine filter characteristic conprises varying
woheosrnaodser of taps of a channel estimte ti mePETIUSE06/012843

12. The method of claim 1, 2herein varying the channel

estimate tine filter characteristic conprises varying

at |l east one tap coefficient of a channel estinate
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co«rfprxsbsadmmunmg arcpimlatian pf cigannhleestmmtw atroesdisimgdt eymboﬂe, and

ilter characteri o ctln one, )

whdrping R T hEel pifndls Fe AR ghEe e tefbrisf sftctigs one
of BNfedBRéBRfefunte® bt Hann¥h&tifiatt 1A ¥iltBchahRt<ERAWIsed on the

estimate time filter characteristic conprises
cogiglasioni ng one of a non-causal multi-tap tine filter

and a single tap fllter 17. The method of claiml1,

wherai n t ri

ot e i oAt g BARRE| AR LATRIAER from a
cotirstnicationdjnktio lasyireAesd cmimmtmmatmm B ysitey, thdﬂ medtvaruoalprising:

esti tet fllter char act tic

sel %PIB?%&%‘PSFH‘E ng‘afng‘fgcrhaev%ﬁﬁ%mauon time
filesd ¢ %rafté éTBlufa{l t§f 8F tisB %ﬁtéfeh%hh%él Eﬁnﬁa%ésed on the

correlation. . A nethod of optim zing channel

est i sekectsg oy ofdfé@ phiiralgy of gheangl dstivntian towifiliers and o n

: t.h t
compi e 8 R o ey AT R o T Pl SRR i o

seBecldWngloff the pHiraBResThnries bitidtiodnirhd fikerki | ters to
generate a plurality of tinme filtered channel

estimates; selecti ng]éone of the plurality of channel
¢

. estithti ohhePabod of tlam 18, \ﬁlaer%v@cféwlﬁg the Ghapegl pegmate using
\ eaﬁygpmeégﬁja lgcﬁchh el%tlllﬁ nféj]?l?é}ﬁl:oﬁé idqnte from the

sel ect ural it ann estimation
t i netirthe filterisg tht@haﬂﬂebesmmdu@dsmg atcleast omd 8Jditidrenl distinct channel

filterin 1551? &g |rrate usi ng each of the
CSBF@F%JP.&H@ aBHEV’? imation time filters

CONPHirh& Eiftering the channel estimate using a single tap filter.

20.  The method of claim 18, wherein filtering the channel estimate using
each of the plurality of channel estimation time filters comprises:
time filtering the channel estimate in a non-causal multi-tap time filter; and

time filtering the channel estimate using a causal time filter.

21.  The method of claim 18, wherein selecting one of the plurality of channel
estimation time filters comprises:

determining a noise estimate at an output of each of the plurality of channel
estimation time filters; and

selecting the one of the plurality of channel estimation time filters based on the

noise estimates.



time filtering the channel estimate using at | east one

addi tional distinct channel estimate in a nmulti-tap
woizows/1fiodsser; and time filtering the channel eBCTNER@®6/012843

using a single tap filter. 20. The nethod of claim18,

wherein filtering the channel estimate using each of

the plurality of channel estimation tinme filters

compr,i ses;, ti ilteri the.channel esti.nmate in a

o2 e dineited pLh i vintied s Riat TR Mipiafsfof channel
estilgi GN@RB ellteRdohipRisss; Usi ng a causal tine filter. 21.

The nmethod of claim 18, wherein selecting one of the

pl urdgFediyg Bre re¢ravadalymbel ising ¢ash of itheeplasalifyepfschannel estimation
in$Of e[ris,ses: determining a noise estimate at an out put

of “each of the plurality of channel estimation tine

fi | taetesinirangl as elr@Ghien@lie® an oatpat of d¥eh o theglurklityasf channel
channel estimation tinme filters based on the noise
estgmptiomims fiers; b net hod of claim 18, wherein

S eh{%@#e%:ﬁl?geﬁg%ngfof fﬂé?gg‘%}t‘@%f Ich¥nrRf eﬁﬁﬁﬂf&ﬁltinﬁﬂtﬁgbﬁs@ﬁ on the

ti rs conpri ecodl ng the recelved synbol

pluslitypfeachraé valhes.pl ural ity of channel estimation tine
filters; determining an error rate value at an out put

of ch t he urality of channel estinmatiaon ti

Ci1 oo, nePSaPutf gt Fa, 0 nsaR B T TPk 4Bkt Brror
RA&b@rEER). estimation tine filters based on the plurality

of error rate values. 23. The nethod of claim 22,

wherein the error rate conprises a Packet Error R]?,t

( PERY:  24Thempethad phelainy 22, vhsrsin she e aplgicAMPHECSE %%ITOI'
Rd’t«?f ﬁprrprises a Bit Error Rate (BER). 25. The net hod

of "claim 18, wherein selecting one of the plurality of

channel estimation time filters conprises: receiving a

cont?5! i Apunecthnd pfelainy &8,0fhesein splectats ong afvleeplugatisy of channel

el ectj.n e one of the plurality of channel
esﬁ@f‘?%{lfngr‘fh{éf%orwrwsers based on the operating node.

26. rdbgvinphtedirefinpitdhditadtie ofaR bpémtihHeodndol i nput
Is received via a user o i
selecting the one of the plurality of channel estimation time filters based on the

operating mode.

26. The method of claim 25, wherein the control input is received via a user

interface.

27. The method of claim 18, wherein selecting one of the plurality of channel
estimation time filters comprises:

determining a receive operating frequency band; and

selecting the one of the plurality of channel estimation time filters based on the

receive operating frequency band.

28. A method of optimizing channel estimates for decoding signals from a
communication link in a wireless communication system, the method comprising:

receiving an Orthogonal Frequency Division Multiplex (OFDM) symbol
comprising at least one pilot subcarrier;

converting the received symbol to a plurality of subcarriers;

extracting at least one pilot subcarrier corresponding to the pilot;



interface. 27. The nethod of claim 18, wherein

sel ecting one of the plurality of channel estimation
woizows/1fiodsser s conpri ses: determ ning a recei vePCT/US2006/012843

operating frequency band; &8d selecting the one of the

plurality of channel estimation time fil ters based on

t he ceive op rat frequ . 28. t hod of
opt |c{?f n%ﬁéiﬁ %ng‘? etfqaé E?%lf’a 38&8 %thselaé APOne PGt
suBcae¥puni cation link in a wireless communication

system the nethod conpri si n% receiving an Orthogonal
Fr eqigtamaynifg ¢icharow! warlatipp based (corbpgphappeaksstimatpr i si ng

2; n%c%%fci‘?lh%g% tf)me £ ftersig %gcszgcﬁel eghanﬁglrle\éﬁﬁlta{e g'né Hftelr r%gp%tn¥§ Based

carriers,

onltﬁ@smarmelev@iah@ﬁ @ubcarrl er correspondl ng to the pilot;
determ ning a channel estimte based at |east in part
on tfHETiRE heehpneltstippieotitsipéime s deternining a

channel variation based on the channel estimte;

contyepl 11 g, n@pa%‘étﬁ?fd‘r o?ﬁﬁﬁmﬁé’cr%ﬁé’l' Anftes P ebding signals from

estinmate ti ['ter response based on the channel
a coamuaiticgion larkdinfa wirdessegminhmictian sgdtera sthe pppasatws compiisng:

et Pt ot g SR TRl Gkt e Qb FnF AT Brecon

lidkknk in a wirel ess conmuni cati on system the apparatus

corrprl Si n% a receiver front end configured to receive
\esfimgetes coumed iqi thataceiver angkeonfigeled e determine a

chgizlﬁél TR Rhte $2 loeﬁdth{; Qecgrl&gd Eﬁ‘ﬁﬁ%lyer and configured to

rmne a c Ased on the received
syl 4daptiveatiiap filteecdupiad t6 ithet chanod wptimatot end tvmfighadne kime

est i mat or and configured to tinme filter the channel
filtes therghepnel g8lmatesdit ching criteria nodul e coupled to

the RitiYeEcd bi® molh e €buRBg toCt‘B@ faﬂ%{fv% Ak OfiBQ Ml ebnfBsured to
time fi terlng characteristic of the ad apt|Ve time

cairbl &time3teriip ehapgansitcud thef adabtvenime filigher ei n t he
receiver front end is configured to receive an

a.t F?rpg) % ?‘1}1 ere e re:cewe%1 oM, Y r@r‘ﬂllgured

ereln e recelver
tofréwl\te aﬁf(drtﬁ@gmm Beguehcy D1V1s1on Multlplex (OFDM) symbol.

31.  The apparatus of claim 29, wherein the receiver front end comprises a

selectively tunable Local Oscillator (1.O).

32.  The apparatus of claim 29, wherein the channel estimator is configured
to determine the channel estimate based on a predetermined portion of the received

symbol.

33.  The apparatus of claim 29, wherein the channel estimator is configured
to determine the channel estimate based on a pilot signal included in the received

symbol.

34.  The apparatus of claim 29, wherein the channel estimator comprises:
a pilot extraction module configured to extract at least one frequency subcarrier

from a plurality of subcarriers corresponding to a pilot subcarrier; and



sel ectively tunable Local Gscillator (LO. 32. The

apparatus of claim?29, wherein the channel estimator
wo0mané4sgur ed to determ ne the channel esti maPeThaswd 012843

on a predeterm ned portion 2f the received synbol. 33.

The apparatus of claim?29, wherein the channel

estimator | s configured to determne, the hal}nel

est irfieaaBhiss gowleditoght BrotexiacHon Hefulgard poptigeed to
deScRaabi¥ etk ﬁ)lgggﬁl)ne ﬁ?quehr&‘;emﬁ‘ﬁ%%ﬁt us of claim 29,

wherei n the channel " estl mator conprises: a pil ot

extraction nodule configured to extract at |east one

f r e@dencylhsuppantus of ckiro d afugher comprisingf a syséany medwle

carresponding t.0 a pilot sybcarrier; .an escr.
cofige oo terrrnd i fufecafip ST BRb B MR S R RS
subrSke 6 hani @rhdlf siphal east one frequency subcarrier.
35. The apparatus of claim 34, further conprising a
transform nodul e coupl ed to the descranbler d .
conf3gur ddherappiuatis Of sl 2Revhgreindhe pdaptiye fi £ comprises a
i -0 1 omai n signal. 36. The apparatus
reéo#lﬁgﬁgaﬂ%e@él?ﬁ\%ﬁg%e@te?he adaptive tinme filter
conprises a reconfigurable nulti-tap tine filter. 37.
The XpparBtewppaftusiodiclniB 66, whereiwi the resentigurable gl dsn bme

fll%%ﬂ%ﬂ?]}l%ﬁ% 2Rk églr?%}‘gl I é\%hé\é?ﬂ@%@dgm selectable
fréif b Seirality ® f pfeddtedmed pRlrblity odtappweidhiser mined plurality

of tap weights. 38. The apparatus of claim 29, wherein

the adaptive tine filter co ri_se%ati,me,filt{ler )

al t éitnat i Nl pPaiaHsiof 61ai 28, VBCTainghe pdaptiv time. iiligy cppoppses 2
tiﬂé% fik&r aél%fna%él?%ghﬁgtﬁrﬁﬂe b biBof a ﬁglti-fﬁp ?ﬁn?é)ﬂﬁér% Wirle tap&)1

alm ein e adaptive tine ter conprises
filprural ity of tinme filters, each tine filter having a

distinct time filter characteristic. 40. The apparatus

of c¢].ai m29, wherei he ,adaptive, ti filter. :

conptr sesfhea?pﬁ’gﬁglfaogg o f?vﬁ‘?rf:glpthfz Aaptyp il filter cqmprises a
pledal8y & thadfitibReath tikRrfilkkahvigg adistinPUime Glpt @drdcteristic.

common with an i nput of the non-causal multi-tap tine

filter. 41. The apparatus of claim?29, whereip the =

swi t4hi nglheranperaius ofsliime; Whersiipihe adensive fanc i fapprises:

fe|s|t 't%??(}nﬁ%au@ﬂqnﬁlﬁ-tﬁﬁHHCQerEdanHO control the tine

a single tap time filter having an input coupled to in common with an input of

the non-causal multi-tap time filter.

41. The apparatus of claim 29, wherein the switching criteria module is
coupled to the channel estimator and is configured to control the time filtering
characteristic based on a correlation of the received symbol with a previously received

symbol.

42.  The apparatus of claim 29, wherein the switching criteria module is
configured to determine a noise estimate corresponding to each of a plurality of time
filtering characteristics, and controls the time filtering characteristic of the adaptive time

filter based on the noise estimates.



characteristic based on a correlation of the received
synbol with a previously received synbol. 42. The
wappwriae4ss of claim 29, wherein the switchi ng eCTUSRI068/012843
nodul e is configured to det3®rm ne a noi se estinmate
corresponding to each of a plurality of time filtering
characteristics, and controls the tine filtering

characte stlc of e tine filt

Ot e it S ARl B SR e o
the fal b tRR HinS R 28l BEn R SRR Rl at & Bl REQEV G yhidel based on a

adaptive tine filter and configured to denodul ate the

time dideredadiamnelbsimdsased on a tinme filtered channel
estimate. 44. The apparatus of claim43, wherein the

hi n crl teria e
Pttt LIPS PR £, v el il hBuNe i
corff@ifedb d@teﬁhiﬂéad P'JcketCErrdrlee (HER)esralehﬁrthmdi@mchﬂatosfor each of
and controls the tine filter ch&rﬂéerlﬂlc bas§ based
a phuialitppRtipg|filies chagarteriiics,nd ,cartiQls fhsy tpp fifth; Shary crisfic base

onﬁ{éaﬁﬁglv gsdimates for decoding signals froma
conmuni catl on link in a wireless comunication system

the apparatus conprising: a first transform nodul e
conﬂﬁgur éah apparatua e eptimizingichernel esfinegtes fordecndifg signals from

sampl es to ur al of f
O T L B T
t r apFrarmseet |nﬁ)d@[wcdh®ﬂgﬁte§l16 &dnstf@mﬁ) p@mmaym tienefdonstin

subset of the frequencg domai n subcarriers to generate
sangplet Enhpliradisy phieaiengihdQaripsIR@IHG e filter coupled to
the ¢ M?%stﬁ‘f‘a&éﬂ&h ed@@ﬁle“fgﬂfﬁfgﬂf&ﬁﬁ rh@ddlé Hﬁi édﬂffgﬁfed to
t he channel estimate to produce a tine filtered
opetagrured fisssubseitof theafrepienchiorgaiosilb@riiers bpghmesste a channel
configured to determ ne an operating condition and
esiBiErol a tine filtering characteristic of the
ada ha&?ptfv'e@i?néc fiTkdr@buplad B8 cB¥ireREdtine o dWonfigae teime
I rst transform nodul e and configured to
fllm( thea:dmnrml seinmteltosprbdiece aofime fidersidghanriel gstigatesr equency

g ggﬂagg%d%ﬁlgééy | er S%(g,_ﬁ %.gf’gﬁ’lgedc{tﬁ%e a%éa% i)gﬁ(%ﬁg tbfdifon and

~ cofiRélud ﬁn@ﬁﬂeﬁﬁ?c}ﬁ%ﬁﬂsﬁe of t}fé&dﬁpﬁ\teafmaﬁﬁelconf [ gur ed to
denpdul ate the data subcarriers usi n% the t
B

{11 redosaexensiemogse praRIed 104Be T araagjpap atasslgmdcoafigred to
extr§¢t a slé&grﬁ sub&e? gp{lfesﬂlﬁ}gh@/ o?%f"eglﬂgnctyrd%ﬂ‘fafupgdﬁcarners corresponding

to data subcarriers; and

a demodulator coupled to the data extraction module and the adaptive time filter
and configured to demodulate the data subcarriers using the time filtered channel

estimate.

46.  The apparatus of claim 45, further comprising a second transform
module coupling the adaptive filter to the demodulator, the second transform filter
configured to transform the time filtered channel estimate to a frequency domain

representation.

47.  The apparatus of claim 45, wherein the channel estimator comprises:
a descrambler configured to descramble each of the first subset of the frequency

domain subcarriers to generate frequency domain channel estimates; and



nodul e coupling the adaptive filter to the

denodul ator, the second transformfilter configured to
wonengfiersm t he tinme filtered channel estinmate POTAS2006/012843

frequency domai n representation. 47. The apparatus of

cl ai m 45, wherein the channel estimtor conprises: a

descranbl er configured to_descranbl e each_of the first

sub&einvese tfﬁ@f‘?%%éﬁ]éfo%&&ﬁi tastratsirry thp freguengd Jepai:
chahQUERGKs PR RoflANAGhn A SldMiRLeS: andan i nverse

ransf'orm nodul e configured to transformthe frequency

domai n channel estimates to tinme domai n channe

est #8rat eFhe dparafimeofapaior 4t wdersin dleaidaptins, timp Eler Gompsises a
adaptive time filt conpri ses a reconfigurable
recmffapqr@'ﬁgﬁl":“?wtml‘?ﬁ@?ﬁ- 49. The apparatus of clai m 45,
wherein the adaptive tine filter conprises a plurality
of #one frhé hisfasatueacdiaiti 45 whekdie thehalupting temelfikte contprises a
time filter characteristic. 50. The a p%rat s of claim
plurgity afhme ifﬁteISheacémecmtﬁdﬂamgtae#l?tgl%ﬁﬁ Hteg ghazpqipitic-
the operating condition by correlating the channel
est kpat ey i b initclingtdriiéta mbaneel
est?ggte?ﬂ%%ﬁhﬁﬁgég%g%?ﬁ?ﬁg@%%hgrain#45f@3herein t he
detsmhinesihe @pertit@comlitadey ermdatimgrthe ekannpleestpaicavitingt least one
ondi.tion by receivi a software control indicative
ad%FOl%aAéhS&B‘éﬁ%fiW?ge%}% tion. 52. The apparatus of claim

45, wherein the switching criteria nodul e detern nes
t he spper ghi: agpeandof digim hhsatren tiee orirharg serizomodule
plurality of noise estimtes, each noise estimate
deferpings feTaprigng sondition pY regpixing g spatvarg Fayo] gdicative of the
i stic. 53. The apparatus of claimd45, wherein
Opgrﬁgﬂég\ﬁgrﬁl: c|§nr'lg criteria nodul e determ nes the operating
condi ti on based on a conparison of a plurality of

Paclset Effhemppattes (RERM ¢2.) wieseindbe $wikhing eiteiea module
.. corresponding to a.particular tinme.filter] . .
deiainas fevpety o Sasifa bt of aGlriBRg g iy ot noise
estidRn ehciesditddtigmid QircdfGi e Sp@tiallE tiniofiltaing characteristic.
communication link in a wrel ess comuni cati on system

t he apparatus conprising: _neans for determning a

charddel Virianpitafys ofelain 4f oyheraimyhe, @Wlécbé%ﬂﬁ@ﬂg module
estimate tine fi ~ rdosidaf LfAliBASLPRRet E
SoRRBR Al bl DB S B RSP et o
Rdt€@RR )ontues aoin EEReal iematespndorgdo ngattwuldn dimeHa ol

characteristic.

54.  An apparatus for optimizing channel estimates for decoding signals from
a communication link in a wireless communication system, the apparatus comprising:

means for determining a channel variation;

means for varying a channel estimate time filter characteristic based in part on
the channel variation; and

means for filtering at least one channel estimate according to the channel

estimate time filter characteristic.

55.  The apparatus of claim 54, wherein the means for determining the

channel variation comprises means for determining a variation over a plurality of



estimate tinme filter characteristic. 55. The apparatus

of claimb54, wherein the neans for determ ning the
wohersnaeds4svari ati on conpri ses neans for deternm RCIES2006/012843

variation over a plurality 3fdistinct channe

esti mates, each channel estimate based on a staggered

_pilot signal received during an.Othogonal Fre nc
cisBes e R B3 NCBRERY SRR Iode I eEeaiHnie ehil
recEivall Qe ad 8hdhal PRIERYDNR oItk (CFDMIN 8181

estimate tinme frliter characteristic conprises neans

for varying at |east one tap coefficient of the neans
f or 56i | t dihe agpattus ebhelrinpid hraeindhe meansiar warying theghannel

appar.at for opti.mzin n ' far
ot RRE il i SharR @bl s RbrisDARREl: B84 IR 3P 1eaone tap
codffiERhEShE GI¥ERKN oL filtb @i Sl8dseOhe tv@nésamateus

conprising: neans for filtering a channel estinmate

according to a plurality of channel . estipation.tine
fi 1 O8r oy pREANSIPT SR g AIaRIR SRS {08 dpeQrling sigpalgfrom

a c%hgﬁlgﬁ@aﬁoﬁ HaRBE %x v}gﬁgéﬁﬁg(?rﬁﬁfunﬁﬁﬁ&?sfs%nﬁﬁé platahgs OsprRing:

urality o estimation tinme filters; and
meamseahoforddtendg hahamg! estinerte hscottling tebopluraditygf echaniete

filtered channel estjimate from the sel ected.on
estybii ) 05 TP CRE RGP BT Rr RO 11 gy Lrogg Sharlgf
estd@pagat us of claimb57, wherein the neans for selecting
one of the plurality of channel estinmation

fi| wegans Eurplerdérsoneidhapinedity et @mﬁv@lieﬁ@mati%ﬁ%@ filters; and
est Inﬂ%ﬁlg f&od’efn%ﬁﬂﬁﬂg% Iggneé:te&e?t@gllﬁb fus'i 2 f?llnH rfi@ﬂefeﬁych%ngl estimate

chan estimatlon r characteristics; an

frome eeSefeoted 2@k o€ thepdurbhiey ofcharnfel estinapiourtiahe filyeref
channel estimation tine filter characteristics based
on the naqjse estimate

. . _The. aratus of. claimb5s
aher’d: n' CHE SERHES PO F R P E G PRE TS s SRR e the
phghli§ R RAS N SdiiniHRioh ¥ind #illds EbhibRdes: conpri ses: means
for "denodul ati ng the recei ved synbol using each of the

pl urmagans Jorafetarmaning b neise estimate aorrgspendipg faeach of the plurality of

characteristics.. means far.determ ning a packet error
change e%%on\}g?%glt%rocﬁﬁgg egﬁtécldshém{ o each of the

pl urdddnk Yorakleehanihelone ot ipgslinahtyt dfhairiel e®timation time filter

characteristics; and neans for selecting the one of
chameteppiigsdiaped onpihe BRISA KEIMYEE-i nation tine filter

characteristics based on the plurality of PER val ues.

60. sthe aﬂ&aiﬁgx;éﬁltsﬁ% BRI RhereWBE GieAnd PR séB@DS dnelof the

sel ecting on
plurality of channel estimation time filters comprises:

means for demodulating the received symbol using each of the plurality of
channel estimation time filter characteristics;

means for determining a packet error rate (PER) value corresponding to each of
the plurality of channel estimation time filter characteristics; and

means for selecting the one of the plurality of channel estimation time filter

characteristics based on the plurality of PER values.

60.  The apparatus of claim 57, wherein the means for selecting one of the
plurality of channel estimation time filters comprises:

means for receiving a control input indicative of an operating mode; and



plurality of channel estimation tine filters

conprises: neans for receiving a control input
wondictiat4sse of an operati ng node; andneans f or PCT/US2006/012843

selecting the one of the pladrality of channel

estimation time filter characteristics based on the

operati ng node. . T !
P means fgr selecting the one of the plurality of channel estimation time filter

characteristics based on the operating mode.



